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<57) Abstract 



It has been discovered that the heparan sulfate chains of proteoglycans vary markedly from one cell typejto another and 
these differences canibelexploited.for therapeutic and/or diagnostic purposes. In particular, the heparan sulfate chains of cell 
surface proteoglycans, such as the integral membrane protein, syndecan, isolated from various cells differ not only in size but al- 
so in' chemical structure (e.gi, specific disaccharide composition and distribution). These structural differences 1 appear to be a ba- 
sis for differences in binding affinity of specific types of cells for particular ligands, and thereby permit the isolation and/or con- 
struction of decays, agonists, antagonists and other substrates which can influence or measure biological activity. 
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5 Barkarounh of t hft Invention 



i The technical field of this invention | is j 

proteoglycan chemistry and, in particular, j the use ofj 
differentiated proteoglycans and their j derivatives 
10 for therapeutic and/or diagnostic purposes 



Proteoglycans are commonly found on thej 
surfaces of "cells', particularly adherent cells, and | 

including,! 



bind t:o wide variety of substances in £3J£fl 



15 for example, growth factors, enzyme inhibitors, j 

! extracellular matrix components and even viruses L In 
! | fact,' 'the' binding! of viruses to cell surface ! j 
proteoglycans may! often be a necessary step in the 



20 



25 



30 



pathway to viral infection. 

i | 
For example, the core protein structure of 
one class of integral membrane cell surface 
proteoglycans, known as syndecans, is described by 
one of the present inventors and colleagues in 
International Patent Application No. PCT/US90/01496 , 
published as W090/12033, and incorporated herein by 
reference. The core proteins of such proteoglycans 
typically have molecular weights ranging from about 
3l| kD to about 35kD and comprise an amino terminus 
hydrophilic extracellular region, a carboxy terminus 
hydrophilic cytoplasmic region and a transmembrane 
hydrophobic region. 
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domains 



i i . : \ 
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of ! these cell 



I 



10 



j ; j The extracellular 
surface proteoglycans typically have | at ljeajst one 
glycosylation site for attachment of |a. heparan, j 
sulfate chain. These chains help define the; ; j 
extracellular domains which serve as i attachment sites 
jn vivo. While the structure of theicpr^ proteins 
exhibits considerable diversification, itj has been 
generally assumed that the, heparan sulfate chains are 
largely homologous from one cell type to another. 

There exists a need for better diagnostic 
and therapeutic agents for the study and [treatment of 
diseases and other metabolic conditions, jparticularly 
those which appear to be based on binding of 



15 bioactlve metabolites, pathogens ajid 



other 



cell surface molecules 



! I 



I ! 

r i 



i ! : 



factors to 



'I ! 

i I 
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Summary of the Invention 



, 1 ! . ! - • : 

I it has been discovered that the heparan j 
sulfate chains of ^proteoglycans vary markedly from 



cell type to another and these differences can be 



ins 



10 



15 



20 



one r * - - . i 

exploited 'for therapeutic! and/or diagnostic 
i l 1 i l i ■ i . 1 1 ! 

j purposes, j In particular, the heparan sulfate cha 

| of cell i surf ace proteoglycans, such as the (integral 

; membrane protein, syndecan, isolated from various 

cells differ not only in size but also in chemical 

structure (e.g., specific disaccharide composition 

and distribution) . These structural differences j 

appear to be a basis for differences in binding 

affinity of specific types of cells for particular 

ligands, and thereby permit the isolation and/or 

construction of decoys, agonists, antagonists and 

other substrates which can influence or measure 

biological activity. 

■ i i • i 

! In one aspect of the invention, therapeutic 

( agents can be developed which ar^ isolated, or 

' otherwise j derived,' from cells which exhibit a high 
' i I ' * ' < i t i 

affinity for particular ligand (e.g., a metabolite, 

the 



pathogen or other |f actor) . Such agents can take 



25 



30 



form of soluble proteoglycans having heparan sulfate 
- ■ - • - - been cleaved from selected cell|s 

or, alternatively, synthetic ! 
iiative or derivative sequences 



chains which have 

i I ' i - I : 
and then purified 

I : | ■ ■ S ! i 

peptides based on 



whilch >have been j constructed 1 by genetic lengineeririg 



i 



to 



Such 



techniques . 

a subject (e.g., 



soluble agents can be administered 



a human or animal) in an 



effective I amount to treat a particular disease or 



35 



metabolic 

I * 1 1 !! i 
promotion 

i. ! 



condition, including, for example, \ 

< I . . : * - i . : 

of selective wound repair, reduction of 



tissue-specific inflammation, inhibition of 
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I 



metastasis, reduction of cWlesterjolj levels in blood, 
inhibition of viral infections, repair of ! I ; ! 



leukemia. 



10 



rieuro-muscle junctions, arid Jtreatmenti of 

I'M in the case of wound repair, one therapeutic 
approach would be to isolate 1 or construct anj agent 
comprising a soluble heparan sulfate! chain der^d 
iron a specific cell type jwtiich ha|s 'an a ! f f inity for a 
growth factor, such as the basic fibroblast gr.owth 
factor, and then administer 'the agent via a .! j 
pWmaceutically acceptable carrier thejwbund 
site. 



The agent would then promote the migration and 
proliferation of fibroblasts and/or mediate the ; 
activities of other repair cells at the wound site. 



15 



20 



25 



30 



j In another exemplary use,| a| therapeutic | 

agent comprising a soluble heparan sulfate chain : 
derived from a specific cell type which has an j 
affinity for antithrombins or other circulatory 
factors can be employed to reduce or prevent arterial 
plaque deposits by sequestering factors which would 
otherwise impede the body's ability to eliminate or 
catabolize cholesterol or other lipoproteins 
implicated in atherosclerosis. 1 

! j i 

• Likewise, therapeutic agents to | treat j 

pathogens can be devised, j For example, cells which j 
are naturally vulnerable to herpes simplex ! infections 
can be cultured and a soluble hepa'rah sulfate chain 
with affinity for the herpes virus then derxved 
therefrom. Such a therapeutic agent! can be delivered 
topically or by injection -to treat an! herpes 
infection or as a prophylaxis ('e.gj.,! during 
childbirth), against such infections. 



35 



! 



I 
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i The cell-ftype specific heparan sulfate 



; I I , | 

proteoglycans of the present invention can 



also, be 



used for diagnostic purposes by employing regents 
whilch include heparan sulfate chains having specific 
affinity for particular ligands as substrates for 
competitive reactions/ in various assays using j 
enzymatic or radiolabeled indicators, according to 
techniques well known in the art. 



10 The invention will next be described in 

connection with certain illustrated embodiments; 
however, it should be clear that those skilled in the 
art can make various modifications , additions and 
subtractions without departing from the spirit or 

! | i i i 

15 scope of the invention • 
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Brief Degrrripfcic n of the Drawings ■ 

- - . ■ - ' ! I ' ■ 

FIG. 1A is a strong anion exchange (SAX), 
high pressure liquid chromatograph 1 showing; migration 
over! time of heparan sulfate chains 'isolated from 

; • ' ''it' 

epithelial cells; 

FIG. IB is a SAX] high pressure liquid 
chromatograph showing the ! composition of 



10 



15 



heparaa 



sulfate chains isolated from fibroblast cells; 

i • ■ I j I i , I j 

' I : ! ■ 1 ' I ! • 

. FIG. 1C is a SAX, high pressure lijju* 3 

chromatograph showing the composition of heparan 
sulfate chains isolated from endothelioid cells; 



FIG. 2A is a graph of the elut ion \ profile of 
heparan sulfate chains isolated firom epithelial cellsj 
and treated with low pH HNO2; ' j M j 

! ■ i ■ • ', 

20 FIG. 2B is a graph of the elut ion profile of 

heparan sulfate chains isolated from fibroblast and ! 
treated with low pH HNO2; 

FIG. 2C is a graph of the elution profile of 
25 heparan sulfate chains isolated from endothelioid 
cells and treated with low pH HN0 2 ; 

FIG. 3A is a graph of the elution profile of 
heparan sulfate chains isolated from endothelial 
30 cells and treated with heparitinase; 



FIG. 3B is a graph of the elution profile ofj 
heparan sulfate chains isolated from fibroblast cells 
and treated with heparitinase; 



35 
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FIG. 3C is a graph of the lution profile of 
heparan sulfate chains isolated from endothelioid 
cells and treated with heparitinase; 

i 

I FIG. 4A,is a graph of the elution profile of 

heparan sulfate chains isolated from epithelial , cells 
iand treated with i heparinase; 

i ■ 1 ; • -. : ; I : 

| FIG. 4B!is another graph of the data j 



10 



presented in FIG. 4A but illustrated on a 



i scale; 



15 



20 



30 



different 



FIG. 4C'is a graph of the elution profile of 



cells 



25 



heparan sulfate chains isolated from fibroblast 

and treated with 1 heparinase; ; ; j 'I 

■ i ! : j ■:. ... ! ■ j . 

i |FIG. 4D is another graph of the flata : 

presented in Fid 4C but illustrated on aj different 

*| • t i • 

scale';! ; |_ ; I ■ j 

t ; . . ■ i ■ , 

i !FIG. 4E is a graph of the elution profile of 
heparan sulfate chains isolated from endothelioid 
cells! and treated with heparinase; and , , ! 



FIG. 4F is another graph of the data 
presented in FIG. 4D but illustrated on a different 
scale; 

FIG. 5 is a schematic illustration of the 
differences in size arid chemical structure of heparan 
sulfate chains isolated from various cell types. 
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The heparan sulfate chains of cell surface 
proteoglycans typically contain approximately equal 
5 amount of N-acetylated and N-sulfated disaccharides , 
which are arranged in a mainly aggregated manner into 
distinct structural do/nains. However, it has been 
found that the molecular fine structure 
(particularly, O-sulf ation) ivaries markedly between 
10 different cell types and between proteoglycans. , 

■ : • ! ! . i i 

I 1 In the experimental studies, reportep ^below, 
variations were defined by studying jthe structure of 



heparan sulfate chains on j a jparticuljar class 



of 



15 integral membrane proteoglycans, known as syndecans, 
derived from three distinct j cell types : simple ; 
epithelial (NMuMG mammary j cells) , fibroblasts (NIH 



3T3 cells) and endothelioid 



20 



cells (Balb/c 3T3 cells). 



In each instance; the syndejcan was affinity 



cultures 
core 



purified from the conditioned medium of cell 
using a mbnoclbnal antibody | against the syndecan 
p|rotein. For a further discussioii of the structure 
and nature of the syndecan core protein, seej the! 
25 jibove- referenced International Patent Application No. 
PCT/US90/01496 and the various scientific articles 
cited therein, which are hereby incorporated by 
reference. 



30 Since the molecular cloning of the syndecan 

core protein from mouse mammary epithelia (Saunders 
et al. 1989 J. AbII Biol . 108: 1547), cDNA-derived 
amino acid sequences have become available for other 
PG core proteins that are sufficiently similar to 

35 indicate common ancestry. These proteins which 
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coristitute the syndecan family have a similar domain 

t i . i ; i 1 



to 
to 



10 



structure}' highly! conserved sequences, and; a 
conserved ! exon organization in the genes studied 
date. The syndecan- 1 gene has been shown to map 
human chromosome ?p23 (Ala-Kapee et al.' 1990 gomatic ; 
paTT Moleri- Genet 1 16: 501) and to the syntenic J 
region in! the mouse on, chromosome 12 (Oettinger et 
al.; 1991 RflHomica 'll: 334), while the syndecan-2 gene 
maps to. human chromosome 8q23 (Marynen et al. 1989 
JBC 264: 7017) . 



Where studied, the core proteins of the 
syndecan family have similar chemical properties. 



Each is 
15 and may 



a; heparan sulfate containing proteoglycan, 
also contain chondroitin sulfate. j 



20 



Evolution of the syndecans from aj common 
ancestor appears to have maintained the location 
nature, of j the putative glycasaminoglycan (GAG) , 
attachment sites, j the protease susceptible site 
adjacent to the' plasma membrane, and the ; 
transmembrane and! cytoplasmic domains. 1 Size, GAG 

I i 1 . lit I I ! i I ' I I I 



and 



25 



^ iii i i ■ ■ 1 ' I 1 

at^achmeni: sites, and sequences indicate aj cl 

structural relationship between the proteins. 

number of I syndecan genes, the N-terminal <3AG 

I i, i ' ' ' 1 ■ 



attachment regxon 

! I ' ! .| 
(Hinkes 



is encoded' by a separate 



small 



&t al. 1991 .t. cell Biol. 115:; 125a). 



ezon 



near 



i i 



Additional GAG attachment sites typically reside 
the plasma membrane and are syndecan-type in 
sequence. | These kites are not uniformly substituted 
with heparan sulfate or chondroitin sulfate on 
syndeca'n-l from mouse mammary epithelial (NMuMG) ! 
cells. 



'»»» i .. 
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The regions C-terminal to 1 tlie conserved 
putative protease-susceptible site are most highly 
conserved. A single exon in the mouse svndecan-1 
gene and in the rat and chick syndecan-3. genes ; 
encodes the identical portion of this ! region i | The 
tyrosine that completes the transmembranej domain ,and 
the three tyrosines in thej cytoplasmic domain are 
invariant. The length and| sequence between the 



10 transmembrane domain, and the: first 



! i ! .! : I ! • I 
tyrosine are 



conserved and could account ,| in syndecan-1 jand; -3 



for a tyrosine internalization signal, 
distance between the next tyrosine 



However, |the 



15 



differs J possibly 
providing individual syndecans with specificity 
towards interacting proteins'. One of 1 the tyrosines 
fits ja consensus sequence for tyrosine 

; 1 I i I 

phosphorylation. ■ 



Syndecan-1 isolated from several 



20 



25 



30 



35 



sources is 

a hybrid proteoglycan/ containing both cliondroitin 
sulfate and heparan sulfate. Thesk chains j are known 
to be linked via a xyloside to serine residues in 
proteins (Roden, L. , Tlie pjlpchftmistrr of 
R^ yroprot-sins and PrnfPnnlvcans (1980) 267-371; and 
Dor f man, A., ran Biol o ^ of Extracellular Mgtrjx 
(1981) 119-138) . The synthesis of both types of 
chains is initiated by a xylosyltransf erase that 
resides in either the endoplasmic reticulum or the 
Golgi, (see Farquhar, M.G. , Ann t Revj Cell Bi °l - 
(1985) 1:447-488) and by three Go lgi--- localized 
gylcosyltransf erases (Geetha-Mabib> et al. |l984 J*. 
Bini. Chem . 259:73 00-73 10)'. Specif ic chajin 
elongation subsequently involves the sequential 
action of an K-acetylgalactosaminyitransf erase and a 
glucuronosyltransferase for chondroitin sulfate, and 
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anjN-acetylglucosaminyltransf erase and a 
glucurono|syltransf erase for heparan sulfatp. This 
specific chain elongation must involve i recognition ofj 



unique structural 

l i 1 1 1 I 



features of the core j protein, 
indicating thatj distinct peptide sequences! exist 
chondro'itin sulfate and heparan sulfate attachment 



sites. 



10 



I : 
I ! 



at 



l i ' i ■ . ■ • ■ . s - | 

It is considered to be within the; scope 

! : I • ... I.- 1 ■■ I' ' . _ 



this invention that cell-type specif ic hepara sulfate! 
chains |can be derived from naturally occuring or 
recombinant syndecans, or fragments thereojf. 



of 



' ' ' Disaccharide composition was analyzed by 
15 depolymerization with polysaccharide lyases and j 
strong 'anion exchange (SAX) HPLC of disaccharide 
product's. Radiolabeled disaccharide were detected 
using an in-line radioactivity monitor (Canberra 
Packard Flo-one A-250) . 



20 



The sizes of intact chains and large 
oligosaccharides were estimated by Sepharose CL-6S 
chromatography (1x120 cm, 500 mM NH 4 HCO3 .1 4ml/hr) . 



25 



i 



Initial oligosaccharide mapping was carried 
out by 'gel filtration on Bio-Gel p6 columris (1x120cm, 

! ! I 1 1 - ■ _ _ 



500iriM NH.i HC0 3 ,l 4ml/hr) after treatment with low 
HNC2/ heparitinase 1 or heparinase. 



;30 



I 



I 



PH 



In FIG. 1A-1C, the disaccharide composition 
the I three hepajran sulfate species was analyzed by ! 



SAX HPlic; The iresults of this analysis arje also 
Summarized in Tab'le 1 below, and compared jto data 
from skin 1 fibroblast heparan sulfates. 
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TABLE 1 

i i 



nTSACCHAF TpK 'COMPOSITION 



PCr/US92/07495| 



The data below summarizes the disa'ccharide 



i i 



species . 



composition of the different syndecan: ;HS 
For comparison, data from! skin fibroblast HS; is also 

i ' i . : 

shown. 



10 



15 


Standard 
No. 


Disaccharide 
Structure 


1 

Human skin 
Fibroblast 
HS 


NMuMG 


HS 
NIH 


1 
i 

Balb/c 




1 


UA-GlcNAc 


46.0 


44.3 


46.1 


46.2 


20 


2 


UA-GI.cNAc(HS) 


5.4 


5.5 


6.0 


4.7 




7 


UA(2S)-GlcNAc 


1.1 


2.6 


2.5 


1.8 


25 


3 * 

i 4 


UA-GlcNS0 3 
TJA-GlcNS0 3 (6S) 


27.7 

i 2.4 


25.0 
3.2 


25.3 
3.6 


28.2 
2.1 




i 5 


UA(2S)-GlcNS0 3 


! 15.4 ! 


11.9 


1 5.7 


9.8 

l 

i 


30 


■ 6 


UA(2S)-GlcNS0 3 (6S) 


' 2.0 ! 


7.5 


10. 8 


7.2 

1 




f i : 

Sulphates 


/ 100 di 


j i 

75. a I 

i ! 


85.8 


1 j 
84.8 

1 ' 


| 

80.31 

I 
i 


35 


b-sulphates / 100 di 


1 28 . 3 1 


3a. 2 


39.4 

i ! ■ 


32.8 

; i 




N-sulphates / 100 di 


i 47.5 . j 


47.6 


i 1 . . 


47.3 




U/0 sulphate ratio 




1.25 


! 1.13 

' ; ■ 


i 



40 



l 1 



I I 



! I 
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! |as can be se n from FIG. 1 and Table l,j each 
heparan sulfate species displays a unique j : j 
disaccharjide profile, the most obvious variation 
being the level of highly sulfated disaccharides : 
UA)(2S>-GlcNS03 and UA(2S)-GlcNS0 3 (6S) . All of the 
three species show characteristic levels of 
N- sulfation (approximately 45-48%). In contrast, 
their O-sulfate content (and N/O sulfate ratio) 
varied markedly. In addition, all three heparan 
sulfate species derived from the cell surface 
proteoglycan, syndecan, were more highly o-sulfated 
than the fibroblast heparan sulfate, which is likely 
a mixture of heparan sulfate species. 



15 j | m FIGS. ; 2A-2C, the domain structure of the; 

1 j heparan sulfate chain derived from various cell |types 
was analyzed by Bio Gel P6 oligosaccharide mapping 
j after treatment with low pH base HNO2. In FIG. ! 
j 3A-I-3C, isimilar mapping was obtained for each of the 
20 heparan s'ulfate chains derived from the different 
cell types after jtreatment with heparitinase. In j 
FIGS. 4A-4F, the mapping was obtained after treatment 

: I • ! ; .1 

with heparinase. 



25 I Based on the P6 mapping data, the 

distribution of specific linkage types (i.e., 

contiguous , alternating or spaced apart) , as 
summarized in Table 2 # below. 



t 



SUBSTITUTE SHEET 



WO 93/05167 



PCT/US92/07495 



-14- 



TABLE 2 



DISTRIBUTION OF DT SACCHARIDES I ; 

The data below summarizes the distribution; of 
specific disaccharide jtypes- It isr | based pn 
calculations from Bio-Gel P6 mapping projfijles 
generated with: the specific: cleavage reagents; shown 



10 



15 



NMuMG 



;NIH 



Balb/c 



20 



| | ; ■ 

N-sulphated disaccharides 
; (HNO2 -susceptible) 

Distribution* 



C 
A 
S 



50.0 



55 
25 
20 




25 GlcA-containing disaccharides j 
(heparitinase^susceptible) 



30 



C 
A 
S 



JdoA(2S ) -containing di saccharides 
(neparinase-susceptible) 



35 



C 
A 
S 



i 61.0 



76 
8 
16 



|68.7 



181 
6 
13 



15.9 



38 
19 
43 



12.0 



42 
13 
45 



74.3 



84 
7 
9 



16.4 



56 
14 
30 



40 



* Distribution: 

C » proportion of linkage in contiguous sequences 
A s prop rtion in alternating sequence with a resistant linkage j 
45 S = proportion spaced apart by the two or more resistant linkages 
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Th e size of the intact chains and 



large 



ihepariti|na'se-resistant oligosaccharides I wasl estimated 

jby sepharo'se CL-6s| chromatography, as shown] below j in 

i I ! ' i i i : ' 1 

iTable 3. 1 I ■ : 



10 

1 'i 

I i 
15 



i ! 

! i 



t I 



TABLE 3 



I SIZE OF HS CHAINS AND , j 
HEPARINASE-RESIST ANT DOMAINS | 



NMuMG NIH 



Balb/c 



20 Intact chain size (kDa) 



35 



52 



75 



25 



Average heparinase-rosistent 
domain size* (kDa) 

(Approximate size range) 



14 



(7-15) (6-14) (11-19) 



30 *These domains are the large heparinase-resistant 
; oligosaccharides obtained in the Vo from Bio-Cel P6 
| profiles (Fig. 4) 
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shown in 



As can be seen above, the j P6 mapping- 
profiles (shown in Table 2) indicate significant ; 
differences in the content; and distributipnj of GlcA 
residues (heparitinase susceptible) and IjdoA(2S> , 
: 5 residues (heparinase susceptible) . j The mapping 
profiles for N-sulfated dijsaccharides (as 
FIGS. 2A-2C) were broadly Uitiilar in, characteristics 
of cell-derived heparan sulfate. Nonetheless , ■ the 
three species of heparan sulfate chains varied, 
10 markedly in size (as shown; in Table 3) . The average 
spacing of heparitinase cleavage sites (clustered 
within N-sulfated domains) also differed between the 
heparan sulfate species (Table 3). 

15 In FIG. 5, schematic diagrams of the domain 

structure of the three heparan sulfate species 
described above are presented. These schematic 
structures reflect the spacing of N-sulfated domains 
containing clusters of heparitinase-susceptible 
20 disaccharides (average size of spacings as ; 

picture 
in spacing 



indicated) . They represent a simplified 
since variations in the precise position 
of the sulfated domains occurs (seb Table 3), and the 
N-sulfate groups are sparsely distributed in 



25 N- a cetyl ated doma i ns . 



the 



, Based on the foregoing, it should jbe clear 

t|hat the identification of specific heparan sulfate 
chains can be readily derived f rom| the cell! surface 
30 proteoglycans of different cell types, particularly 
from syndecans, and that such cellptype specific! 
hjeparan sulfate chains or protions: thereof lean be 
used for various therapeutic and diagnostic purposes. 
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The therapeutic agents of the present 
invention! can be administered topically, orally, ; or 
inyencxp , , or subC utaneous routes. 

bv ! intravenous, xntramuscuiai , i 
T ! ! 1 ■ ! ■ j 

' \ Topical preparations can be prepared by: 

mixing the active! comppunds with a suitable 

* . ' . _ n ii such as glycerol, 

emollient, lubrxcant, or oil, sucn y * 
petrolatum, or mineral oils. Surfactants and other 
agents can be added to ensure 

increase the shelf-life of the preparation The 
active compounds may be orally administered, for 

example, with an inert dilutent or wxth an _ 
e2 r auip ' i . _ 4 t may be enclosed in 

iassimilable edible carrier, out may D . . 

'hard or soft shell gelatin capsule, or xtmay be 
.caressed into tablets, or it may be incorporated 
directly with the food of the diet . For oral , 
therapeutic administration, the active compounds may 
iS nc^Porated with excipients and used in the^orm 
U ingUible tablets, bucca! tablets, troches,; 

1 ! 1 ! i i • . 



°i il l I i. i „~ Q „ e -?rm«5 svrups, wafers; and 

capsuled, elixirs, suspensions syrups, , { 



T* ■ i i I 

the like. 



, : For b'otih topical and oral preparation^, such 

2 J compositions and| preparations should contain at; least 
' J 1% of Active impound. The percentage ;of th? 
expositions and preparations may, of course, be 
Varied and may conveniently be between about 2 to 
! I Ibout 6u% of the weight of the unit. The amount of 
' 3 i ictive compounds in such therapeutically; useful 

compositions is' such that a suitable dosage «11 be 

• ! J - 

; obtained. 

1 1 The tablets, troches, pills, capsules and 

; ^««<-a-in the following: A bxnder, 

35 the like may also contaxn tne eoj. * 
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as gum tragacanth, acacia, cornstarch, or gelatin; 
excipients, such as dialcium phosphate; ;a 
disintegrating agent, such as corn starch, 1 potato 
starch, alginic acid and the like) a lubricant, such 
as magnesium stearate; and a sweetening agent, such 
as sucrose, lactose or saccharin may be added or a 



flavoring agent, such, as peppermint,' oil 
wintergreen, or cherry flavoring. When the dosage 
unit | form is a capsule, it may contain, in addition 



i 10 to materials of' the above 



of 

I 



type, a 



liquid 



carrier 1 . 



15 



20 



Various other materials may be present as coatings or 

I ■■ . ! ; j 1 j i , I ! 1 i 

t;o otherwise modify the physical form of the; dosage 

unit. For instance, tablets, pilis,j or capsules j may 

tie , coated with shellac, sugar or b'othL 1 " ,l lL\ syrup 6r 

I ' • * 1 1 1 : 1 i ' i ■ I m : j 1 1 ■ i ii 

elixir may contain the active compounds sjucrose as a 
sweetening agent, methyl and 1 propylparabens ks 
preservatives, a dye and flavoring^ such as cherry or 
orange flavor. Of course, any material used! in 
preparing any dosage unit form should be H 

1 j ■ • ; | t - . ; j 

pharmaceutical^ pure and substantially non-toxic in 

1 : ' • ■ ! i ; . I ! i 

the amounts employed. Xn addition/ the active 
compounds may be incorporated into sustained-release 
preparations and formulations. 



25 The active compounds may also be 

administered vaginally, parenterally or 
intraperitoneally. Solutions of the active compounds 
as free base or pharmacologically accbptalDle salts 
can be prepared in water suitably mixed with a 
30 surfactant, such as hydroxypropylcellulose. 

Dispersions can also be prepared in' glycerol, liquid 
polyethylene glycols, and mixtures thereof and in 
( oils. Under ordinary conditions of storage and use, 
i these preparations contain a preservative to prevent 
35 the growth of microorganisms. 1 
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I The pharmaceutical forms suitable 'for | 

i'nj'ectable use include sterile aqueous solutions or 
dispersions and sterile powders for the 
extemporaneous preparation of sterile injectable j 
solutions! or dispersions. In all cases the form must : 
be sterile and must be^ fluid to the extent | that easy ! 
s'yring ability exists. ; It must be stable; under the 
conditions of manufacture and storage and must be ( j 
preserved! against 1 the contaminating action 'of | 
microorganisms, such as bacterial and fungi. Th^ 
carrier' can be a solvent or dispersion medium j 
containing, for example, water, ethanol, polyol (|for ; 
example/ glycerol; propylene glycol, and liquid j 
polyethylene glycol, and the like), suitable mixtures 
thereof^ and vegetable oils. The proper fluidity^ can 
be Maintained, for example, by the use of a coating, 
such as lecithin, by the maintenance of the required 
particle size in the case of dispersion and by the 
use of surfactants. The prevention of the! action of 
microorganisms can be brought about by various 
antibacterial and antifungal agents, for example, 
parabens, chlorobutanol, phenol, sorbic acid, 
thimerosal, and the like. In many cases., it will be 
preferable to include isotonic agents, for example, 
sugars or sodium chloride. Prolonged absorption of 
the injectable compositions can be brought about by 
the use in the compositions of agents delaying 
absorption, for example, aluminum monoster ate and 
gelatin. ; . 

• i : • i ■ 1 •" 1 

Sterile injectable solutions are prepared by 
incorporating the active compounds in the required 
amount: in! the appropriate solvent with various of the; 
otlier ingredients i enumerated above, as required. 
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followed by filtered sterilization, j Generally, 
dispersions are prepared by , incorporating the j various 
sterilized active ingredients into a jsterile. vehicle 
which contains the basic dispersion jmedium and the 
5 Required other \ ingredients from those enumprjatedj 
in the case of sterile powders for! the , 



above. 



preparation of sterile, injectable j solutions 



'i 



the 



preferred methods of preparation are vacuum-drying 
and freeze-drying techniques which yield, a powder of ! 
10 the active ingredient plus any additional desired 
ingredient from previously sterile-filtered solution 
thereof. 

As used herein, "pharmaceutically acceptable 
15 carrier" includes any and, all solvents, dispersion 
media, coatings, antibacterial and antifungal agents, 
isotonic and absorption delaying agents and the 



, . . . .1 , 

The use of such media and agents for 

I j l j i : 

substances is well 



20 



as any , conventional 

with the active ingredient; its 

i ' i i ! : • i i ! : : _ 



known in the 



media or 

I 



like* 

pharmaceutical active 
krt. Except insofar 

agent is incompatible , . , , 

use in the therapeutic compositions |is contemplated. 
Supplementary active ingredients can also be; 
incorporated into the compositions, j . : j , 



25 



What We claim is: 



! I 
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Claims 



10 



111. A composition for binding a biological 
ligand comprising ja heparan sulfate chain derived 
from a j native proteoglycan of a cell exhibiting; a 
cell-type Ispecif ic binding affinity for said ligand, 
said heparan sulfate ciiain having a pattern of 
sulfation which affects the cell-type specific 
binding affinity for the ligand. 

2. The composition of claim 1 wherein the 
proteoglycan is an integral membrane proteoglycan. 



3. The composition of claim 2 wherein the 
15 membrane proteoglycan is a syndecan. 



20 



4. The composition of claim 1 wherein the 
pattern of sulfation which provides the cell-type 
specific affinity for the ligand comprises a 
cel'l-type specific degree of O-sulfation of the 
heparan sulfate, , 



i 



1 5. The composition of claim l 1 wherein the 

pattern of sulfation which provides the cell-type 

1 ill 1 ' I ! i ; - ! : i 1 I 

25 j specific affinity for the ligand comprises a 

; cell-type Ispecif ic clustering of N-sulfated domains 

1 j , | ! ! i . ! ; 

in the heparan sulfate chain. 



30 



hep 



aran 



6. The composition of claim 1 wherein the 



sulfate ! chain has a pattern of uronic acids 



which affects the ! cell-type specific binding affinity 

i * , i 



for the ligand 
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7. A pharmaceutical preparation comprising 
a therapeutic agent for binding a biological! factor, 
thej therapeutic ; agent comprising a heparan j sulfate 
5 chain having an affinity for said jfajcjtor and in an 
amount effective to modify t:he level of freej factor 
in a host, and a pharmaceutical^ accjeptablej carrier, 
said heparan sulfate chain having ja pattern bf | 
sulfation which provides a cell-typej Specific jbinding 
10 affinity for the ligand. | ; | I 

' 8. The preparation of colaim 7 wherein the 

therapeutic agent is derived f rom ;an integral 
membrane proteoglycan* | 

' i 

9 . The preparation of claim 8 wherein the 
membrane proteoglycan is a syndecan. 

10. A method of sequestering an ' undesirable 
20 biological factor in a subject, the method comprising 

administering a therapeutic agent to the subject 
comprising a heparan sulfate chain having an affinity 
for said factor and in an amount effective to modify 
extracellular levels of said factor, said heparan 
25 sulfate chain having a pattern of sulfation which 

provides a cell-type specific binding affinity for 

■ ■; i i I ■ ' ; 

the factor. 

' 11. The method of claim 1'0 wherein the 

30 therapeutic agent is derived from .an integral 



membrane proteoglycan. 



12.#The method of claim 11 wherein the 



membrane proteoglycan is derived from a syndecan; 
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